Objective: To evaluate the relationship of weight of preterm infants when first placed into an open crib with days to full oral feedings, growth velocity and length of stay (LOS), and to identify unwarranted variation in incubator weaning after adjusting for severity indices. Result: In all 2908 infants met the inclusion criteria for the study. Their mean weight at open crib was 1850 g. On average every additional 100 g an infant weighed at the open crib was associated with increased time to full PO feeding by 0.8 days, decreased weight gained per day by 1 gram and increased LOS by 0.9 days. For the top 10 volume hospitals, severity variables alone accounted for 9% of the variation in weight at open crib, whereas the hospital in which the baby was treated accounted for an additional 19% of the variation.
Introduction
The ability to achieve stable temperature in an open crib is one requirement for discharge of preterm infants in the neonatal intensive care unit (NICU) setting. 1, 2 Yet there are few studies that examine the weaning process from an incubator, and policies and procedures vary between institutions. It is not uncommon for incubator-weaning policies to be based on a prescriptive weight and/or post-menstrual age (PMA) as opposed to the physiological status of the infant.
Concerns in considering incubator-weaning strategies include a presumed link between nurturing of the infant in an incubator and inadequate weight gain, the fear of thermal instability and environmental protection from a hostile environment. This can result in delayed incubator weaning and subsequent adverse effects on parental bonding. 3 Furthermore, maternal perception may be more positive when the infant is cared for in an open crib. Earlier weaning to a crib may therefore have an impact on infant development and contribute to increased breast-feeding rates. Nurses caring for infants in an open crib may also perceive the infant as closer to discharge, thus increasing discharge teaching and planning.
The primary objective of this retrospective data analysis was to evaluate the relationship between incubator weaning and oral feeding, growth velocity and length of stay (LOS) in preterm infants. Secondary analyses include an evaluation of practice variation of incubator weaning.
Methods
The ParadigmHealth (now Alere, Marietta, GA, USA) neonatal database was queried from January 2003 to April 2006 for all infants admitted to the NICU. Data were collected concurrently by ParadigmHealth care managers from 579 hospitals throughout the United States. These hospitals represented both level 2 and level 3 hospitals, including community and academic affiliations.
All surviving infants appropriate for gestational age (AGA) from 22 to 30 6 7 weeks gestation at birth were included in the study. AGA status was determined as greater than 10th and less than 90th percentile birth weight for each gestational age (GA), as determined by Fenton's updated Fetal-Infant Growth Chart for Preterm Infants. 4 Infants were excluded because of confounding variables if they were small for gestational age (SGA), large for gestational age (LGA) or had experienced surgical procedures. Expired infants were excluded as well. Furthermore, any infant weaned to an open crib at weight greater than 2500 g was excluded, as these patients typically presented as outliers with additional factors effecting the incubator weaning process, such as prolonged ventilation and multiple feeding delays.
The timing to wean to an open crib was determined by each individual hospital based on patient status and NICU policy, and was recorded as the first date the infant was transitioned to an open crib. Patient groups were stratified according to their weight when placed in an open crib: <1500 g, 1500 to 1599 g, 1600 to 1699 g, 1700 to 1799 g, 1800 to 1899 g, 1900 to 1999 g and 2000 to 2499 g. Crib weaning failures were recorded. For the study population, the definition of crib weaning failure was hospital specific and included any infant that was in an open crib, but needed to be put back into an incubator for any reason.
Severities of illness markers were analyzed to determine other clinical factors that could possibly delay incubator weaning. These factors included sex, incidence of ventilation, days on ventilator, days to room air, incidence of apnea, necrotizing enterocolitis (NEC), severe (stage 3 or 4) retinopathy of prematurity (ROP) and severe (grade 3 or 4) intraventricular hemorrhage (IVH After controlling for the demographic and clinical severity variables, hospital practice variation was assessed using a regression model to estimate the weight at open crib for the top 10 volume hospitals. Regression models and associated graphs were estimated using both SAS and STATA statistical packages. This data analysis was approved by the Institutional Review Board at Thomas Jefferson University.
Results
A total of 2908 infants met the inclusion criteria and were included in the study. Figure 1 illustrates the distribution of the population across weight at open crib categories. In all 40.6% of infants weaned to an open crib before attaining the weight of 1800 g.
Their median weight at open crib was 1830 g and mean weight was 1850 g. Table 1 shows descriptive statistics for demographic differences by weight at open crib category. Each group differed in their weight at open crib as set up by this study. The overall mean GA at birth was 28.3, and there were no significant differences in GA across weight at open crib categories. Infants weaning to an open crib at larger weight categories (X1700 g) weighed more at birth compared with the group of infants in the lighter open crib weight categories. The percent of male infants in the larger open crib weight categories (X1900 g) differed from that of the other group with more males in these two groups compared with females.
Minor differences existed in severity and feeding milestone achievement across weight at open crib categories as indicated in Table 2 . Only the group of infants placed in an open crib at 2000 to 2499 g had a higher incidence of mechanical ventilation. There were no significant differences in the groups with respect to ventilator days though infants placed in an open crib at weight categories X1900 g took longer to attain room air status. For feeding milestones, infants in weight categories X1900 g also differed in time to achieve first PO feedings as well as time to reach full PO feedings. The mean PMA at open crib of the individual groups increased stepwise with corresponding advancing weight categories when placed in an open crib. Overall crib-weaning failures were 7.3%, with the infants weaning to a crib in the lowerweight categories having the least rate of failure. Those infants in the 1900 to 1999 g and >2000 g groups had significantly higher rates of weaning failures compared with the lower-weight category groups when placed in an open crib.
Discharge parameters for the various weight at open crib categories showed a trend towards higher discharge weights if placed in an open crib at weights X1800 g, but only the two highest weight groups had a significantly longer LOS when compared with all other weight group categories. Overall growth velocity from open crib to discharge was highest in those infants that weaned early to a crib and statistically lower for infants weaned to crib at 2000 to 2499 g. Before discharge, infants gained an average of 31.4 g per day after moving to an open crib. 
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Data showed no differences between the groups for incidence of severe ROP (0.4%) or severe IVH (1.7%). The overall incidence of NEC, 2.1%, did not differ except for the infants weaned to an open crib in the X2000-g group, which was 4.7%. There were no significant differences in documented apnea for all groups, 73.7%, except for infants placed in an open crib at <1500 g, which was 61.7% (P<0.05). Figure 2 illustrates the results from the regression analyses controlling for GA, birthweight, ventilator days and days to room air. Additional models were tested further controlling for sex, apnea, NEC, severe ROP and severe IVH; results remained unchanged, so the most parsimonious models are presented here. The model coefficients show the relationship between an infant's weight when placed in an open crib and (1) days to full PO feeding, (2) growth velocity between open crib and discharge, and (3) length of stay. On average every additional 100 g an infant weighs at an open crib is associated with an increase in the time to achieve full PO feeding by 0.8 days, a decrease in weight gained per day by 1 g less per day and an increase in LOS by 0.9 days. All coefficients are statistically significant at P<0.01. Figure 2 Severity-adjusted regression analysis measuring days to full oral (PO) feeding, weight gain and length of stay, controlling for gestational age (GA), birthweight, ventilator days and days to room air.
Incubator weaning in preterm infants R Schneiderman et al number of days on ventilator days to room air, apnea, NEC, severe ROP and severe IVH). Although the severity variables alone accounted for 12% of the variation in weight at open crib (model R 2 ¼ 0.117), the hospital in which the baby was treated accounted for an additional 19% of the variation (model R 2 ¼ 0.307).
Discussion
Our findings on close to 3000 AGA infants born at less than 31-weeks gestation point to the adverse effects of delayed transition from an incubator to an open crib. After controlling for severity indicators, each increment in infant weight when placed in an open crib is associated with an increase in the time to achieve full PO feedings, a decrease in growth velocity and an increase in LOS. These data from the top volume facilities further reveal that 19% of the variation in initial transfer to an open crib is directly related to the facility and not to the patient's medical condition. Incubator use for preterm infants has a long history. [5] [6] [7] [8] Several studies have shown the effectiveness of incubator weaning at weights as low as 1500 g. preliminary data, which showed no decrease in weight gain following incubator wean to open crib. The ParadigmHealth database, as one of the largest data sets published on this topic, further shows the consequences in delaying appropriate incubator weaning, such as delayed oral feedings and prolonged length of hospitalization. Though the relationship of days in an incubator with extending the time to achieve full-volume oral feeds could be related to maturity, we speculate that it is more likely due to the perception that the baby is not close to discharge and is more fragile, therefore reducing the chances of a PO feeding attempt.
Delaying incubator weaning in preterm infants may also decrease parental interaction, bonding and delay discharge planning.
13,14
The decrease in growth velocity (though modest) and the extra time that it takes to achieve full oral feeds contribute to prolonged length of stay. LOS increases by almost a full day for every additional 100 g a baby weighs when initially placed in an open crib. In our study, GA rather than weight was chosen for patient inclusion. Using an upper weight limit would have presented with the problem of potentially including SGA infants, who would be expected to wean to an open crib at a lower weight. A GA of 30 6 7 weeks was picked as an upper limit. GA is often estimated and choosing a more mature cohort presented with the possibility of including infants that were truly more mature, with corresponding larger birth weights. Some of these birth weights may have precluded the incubator process. Including infants less than 31 weeks was felt to minimize this issue and to present with a patient population that would allow reasonable evaluation of the incubator weaning process.
Optimal criteria for weaning to an open crib are not standardized, which creates a large disparity in practice. Variables accounting for this include the following: weight and/or PMA to begin the weaning process; method of weaning (air vs. servo controlled); weight and/or PMA to place in an open crib; threshold incubator air and body temperatures required to place in an open crib and environmental temperature in the NICU. There appears to be adequate physiological and supportive study data to warrant initiating incubator weaning once an infant reaches 1500 g. A thorough understanding of environmental and axillary temperature norms is critical to a successful incubator weaning. The American Academy of Pediatrics and American College of Gynecologists (AAP/ACOG) Perinatal Guidelines state that nursery environmental temperature should be 22 to 26 1C (72 to 78 1F). 3 1F) . Knowledge of the normal temperature range will assist in deciding when an infant should be placed back into an incubator for hypothermia. An appropriate starting point would be to develop standardized incubator weaning protocols based on physiological principles and evidence based medicine. Medoff-Cooper et al, 9 West et al., 10 Berger et al., 11 Meier, 15 as well as the Association for Women's Health, Obstetric, and Neonatal Nursing (AWHONN) Research Utilization Project 16 support our data that successful incubator weaning can begin at infant weights approximating 1500 g. In addition, though this study evaluated infants less than 31-weeks GA, consideration to begin incubator weaning at 1500 g in a more mature GA patient population seems reasonable given their physiological stability in comparison with the study group.
The continuing rise in preterm births presents a significant burden on health care and medical finance.
17 Non-standardized Incubator weaning in preterm infantsincubator weaning practice has broad implications on care trajectory and contributes to costs. Health-care costs are directly proportional to length of stay. There were 4 265 996 births estimated in 2006, which was a 3% increase compared with 2005. 18 A conservative estimate of 10% births leading to NICU admissions with roughly 15% of these admissions less than 31-weeks gestation results in 63 990 such infants annually. Additional annual costs for all infants would extrapolate to $160 million for every 100 g incremental delay in incubator weaning to an open crib based on an average daily charge of $2500.
This study has certain limitations. The analysis was based on retrospective data obtained from a large number of NICUs; each with its own unique incubator weaning practice. Patient volume at the various NICUs was quite variable. Infants could be placed in open cribs at differing incubator air temperatures. Theoretically, an infant placed into an open crib at a lower air temperature would have less likelihood of weaning failure, but could still contribute to an increased LOS based on the weaning protocol. Alternatively, certain facilities may have been willing to accept a higher degree of failure in an attempt to successfully wean to an open crib at a lower PMA and/or weight. Though crib-weaning failures were noted, the exact medical indications and actual patient temperatures when placed back into an incubator were not known. This is important as failures actually increased with corresponding higher weights when first placed into an open crib. This leads one to speculate whether the patients placed into an open crib at heavier weights with corresponding higher weaning failures had other confounding issues affecting their clinical course. Yet this does not diminish the fact that patients placed into an open crib at lighter weights had correspondingly low rates of weaning failures. The effect of enteral nutrition caloric density, individual NICU discharge parameters and variation in individual patient characteristics outside of what was reported can affect the data as well. Finally, the effect of Alere care management interactions on specific outcomes cannot be quantified in this non-randomized retrospective study.
Conclusion
Weaning to an open crib is one of the last milestones a preterm infant must achieve before discharge. Our data reveal significant variation, even after controlling for severity. Delays in timely incubator weaning to an open crib are associated with delayed time to achieve full-volume oral feeds, decreased growth velocity and prolonged LOS. Specific nursery protocols should be developed based on current available data and physiological parameters. An understanding of the literature, temperature norms (environmental and patient) and different modes of incubator weaning will be an important step in developing such policies. Prospective randomized controlled studies should address whether compliance with physiological and evidence-based standards for incubator weaning can reduce practice variation and improves quality of care/infant outcomes, resulting in a reduction in LOS with an associated decrease in cost.
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